KEY WORDS: Bladder cancer; Mitomycin-C; Regional perfusion cancer chemotherapy. muscle invasive disease at the diagnosis (2) . The mean characteristics of this cancer are high recurrence rates after transurethral resection and high risk of progression to muscle invasive disease (3) . Although, intravesical chemotherapy and immunotherapy can significantly decrease the recurrence and progression rates, they still represent the main challenge in this field and more effective therapies are needed (4) . Particularly challenging is the treatment of patients with high-risk tumours according to the European Organization for Research and Treatment of Cancer (EORTC) scoring system and those who are refractory to intravescical Bacillus Calmette-Guérin (BCG) instillation (1). Moreover, there has been a shortage of BCG in Europe. Many approaches have been used to enhance the antitumor effects of intravesical chemotherapy (5) . Several studies have shown promising results combining intravesical mitomycin-C (MMC) with hyperthermia. It was demonstrated that hyperthermia of the bladder wall improves MMC penetration into the deep bladder wall and can offer anticancer advantages over chemotherapy instillation alone (6) . The aim of this study was to evaluate the efficacy of combined intravesical MMC instillation and bladder hyperthermia in a selected group of patients with high-risk recurrent NMIBC in whom radical surgery was not an option or BCG treatment was contraindicated.
MATERIALS AND METHODS
This was a retrospective evaluation of prospectively collected data. The Ethics Commitee of our institution approved the present study. All patients read, understood, and signed the consents forms. All procedures performed were in accordante with the Helsinky declaration or comparable ethical standards.
Patient and data collection
Between, February 2014 and December 2015, 24 patients with high risk NMIBC underwent adjuvant thermo-chemotherapy with MMC at our Department. The exclusion criteria were patients with muscle invasive
INTRODUCTION
The non-muscle invasive bladder cancer (NMIBC) is the 4 th most common cancer in men and 12 th in women with a great impact on health care system in Europe (1). Nearly 80% of the patients with bladder cancer present with non-bladder cancer, low risk bladder cancer, histology different than transitional, tumours involving the urethra or upper urinary tract, large bladder diverticulum (> 1 cm), patients underwent previous partial cystectomy and impossibility to undergone catheterisation with a 20 French catheter. 18 patients were eligible for the analysis and were included in the study. The other 6 patients did not meet the inclusion criteria, because 2 of them had incomplete data, 1 had muscle invasive disease, 1 had squamous tumour at histology, 1 had multiple tumours involving the urethra and 1 withdrew treatment at 3 rd instillation because of his personal decision. We used tumour node metastasis (TNM) classification of 2009 for defining levels of NMIBC in the study (7) .
Treatment
Patients were treated on an outpatient basis with 6 weekly induction sessions followed by monthly maintenance sessions of intravesical MMC and bladder thermochemotherapy (BWT). The maintenance treatment was prosecuted for up to 1 year and patients with no recurrences underwent to an additional maintenance cycle every 3 months thereafter. The Unithermia System (Pelvix TT system, Elmedical Ltd., Hod Hasharon, Israel) was used to heat the bladder wall, in all patients. This system is composed of a compact console with a peristaltic pump and a heat exchanger that delivers intravesical MMC through a 3-way silicon 20 French catheter. It allows to obtain a uniform hyperthermia all over the bladder by continuous flow of the heated MMC solution. According to previous studies, patients received 80 mg of MMC in 50 ml 0.9% saline, heated at 45°C in continuous circulation for 50 minutes (8) (Figure 1 ).
Follow-up
The follow-up regimen included cystoscopy after the induction cycle and after that every 3 months for a period of 2 years. Thereafter the follow-up was conducted every 6 months. All lesions that were detected by cystoscopy during follow-up underwent biopsy. The recurrence was evaluated by histological examination. Patients without tumour in the bladder and positive cytology underwent bladder mapping to exclude the presence of a carcinoma in-situ (CIS). The transitional cell carcinoma of the upper urinary tract was also rolled out with appropriate imaging in these cases. Time to disease recurrence was defined as the time from the first intravesical treatment to endoscopic or histological documentation of a new bladder tumour. Adverse events were recorded regarding the Common Toxicity Criteria (CTC) 4.0 score system (9).
RESULTS

Description
The mean age was 72 years (range 32-87). There were 16 male and 2 female patients. In total, 10 patients had multifocal disease, 9 had CIS, 7 had recurrent diseases and 2 of them had a highly recurrent disease (> 3 recurrences in a 24 months period). Both of last 2 patients had also a concurrent T1G3 disease. Stage before starting the BWT treatment was Ta in 5 patients, and T1 in 12 patients and all the patients had high grade (G2-3) disease. 6 patients have undergone previous intravesical therapy with MMC. The average number of maintenance sessions per patient was 7.6. All patients conducted the treatment during the induction and maintenance period with no significant side effects due to MMC and no physical complaints due to bladder hyperthermia. Table 1 summarizes patients' characteristics. The Unithermia System (Pelvix TT system, Elmedical Ltd., Hod Hasharon, Israel) used to heat the bladder wall. It is composed from a compact console with a peristaltic pump and a heat exchanger that delivers intravesical chemotherapy through a 3-way silicon 20 French catheter. The uniform hyperthermia at 45°C of 80 mg MMC in 50 ml 0.9% saline solution is mantained for 50 minutes by the continuous flow.
Treatment results
After a mean follow-up of 433 days, 15 patients (83.3%) were recurrence-free. Besides, no patient had recurrence at the first cystoscopy after the induction cycle. 3 patients had tumour recurrence after a mean period of 248 days (range 191-339 days). However there was no disease progression, in fact staging and grading of these patients prior the treatment and at the time of reccurence were: T1G3+CIS, TaG2, CIS and T1G3, TaG1, CIS respectively. 2 of them had multifocal disease recurrence. None among the 2 patients with highly recurrent disease relapsed during a mean follow-up of 655 days. These results are summarized in Table 2 .
Side effects
Side effects according to CTC 4.0 were limited to grade 1 in 2 patients (skin allergy and haematuria) and grade 2 in 1 patient (pain and bladder spasm during induction treatment sessions treated with intravesical oxybutynin). Grade 1 complications were treated with oral analgesics and antiistaminics respectively.
DISCUSSION
The NMIBC is characterised by a high recurrence rate (30-85%) after primary transurethral resection of the tumour (2). Thus, intravesical immunotherapy with BCG or MMC is used for preventing recurrence (1). It is well known that BCG can significantly reduce the disease progression and recurrence rate but at the same time can also produce serious side effects such as voiding problems, urinary infection, haematuria up to miliary tubercolosis (10, 11) . In these cases only MMC can be used as intravescical therapy (12) . On the other hand, since more than hundred years ago, many experiments have shown that cancer cells are more susceptible to hyperthermia than normal healthy cells (13) . Local hyperthermia has a therapeutic potential for the treatment of many solid tumours, especially if used in combination with other treatments, such as radiation (Radio hyperthermia) and chemotherapy (Chemo hyperthermia) (14) . Lammers et al. reported a systematic review of 15 original articles and concluded that MMC+hyperthermia reduces the risk of NMIBC recurrence by 59% when compared to MMC alone despite a limited number of randomized tri-als in current literature (15) . The bladder is particularly suitable for the application of local hyperthermia because its wall could be heated by the irrigation of warm fluid (15) . Until now, several chemotherapeutics in various dosages and different regimens (adjuvant and neo-adjuvant) have been used in association with hyperthermia (16) . Intravesical MMC was recently used for preventing the recurrence and the progression of NMIBC (17) . It was demonstrated, that MMC associated with hyperthermia could have promising effects on a well selected subgroup of patients (18) . It has been shown that hyperthermia interferes with DNA, RNA and protein synthesis of cancer cells. Moreover intravescical MMC can inactivate cell repair mechanisms by increasing tumour cell apoptosis (19) . For these reasons intravescical MMC associated with thermotherapy may be used as prophylaxis for recurrence and progression in high grade NMIBC.
Heating of the bladder can be achieved, by radiofrequency, by magnetic nanoparticles in magnetic field or by circulation of externally heated fluid into the bladder (19) . The most used systems are the Synergo system (SB-TS 101 ± 1 System introduced by Colombo R et al. in 1996) and the more recently Unithermia system (20, 21) . The former is based on direct irradiation of the bladder lumen by a 915-MHz intravesical microwave applicator and the latter comprises a console with a peristaltic pump and a heat exchanger that delivers intravesical chemotherapy through a 3-way silicon catheter (8).
Another method was recently proposed and consists on regional hyperthermia therapy using an array of 70 to 120 MHz antennas that are positioned around the patient, resulting in high homogenous temperatures of the target organ (22) . We used the Unitherma system in the current study because of its easy applicability. In our study thermo-chemotherapy with MMC provided promising results with low recurrence rate and no disease progression in patients with high grade NMIBC at a medium-term follow-up period. The overall rate of side effects was low and the acceptance of the treatment by the patient was high. The main limitation of the current study is the small number of patients and therefore the impossibility to perform an accurate statistical analysis. The favorable factors are the only inclusion of patient with a high risk disease according to EORTC classification in whom radical surgery was not an option or BCG treatment was containdicated. Moreover all patients followed stricty the therapy plan and the follow-up schedule.
CONCLUSIONS
According to these data thermo-chemotherapy seems to be a feasible, safe and promising approach for prophylactic treatment in patients with high risk NMIBC. More studies are needed to identify the subgroup of patients who may benefit more from this treatment (ex. old patients with short life expectancy, those who are not candidates for anestesia due to high comorbidities or not suited for BCG therapy, those who refuse radical surgery and prefer conservative treatment to keep the bladder in situ). These preliminary results encourage further studies to define the limits and prospects of this regimen. 
